Confocal Raman microscopy probing of temperature-controlled release from individual, optically-trapped phospholipid vesicles.
Control of permeability of phospholipid vesicle (liposome) membranes is critical to their applications in analytical sensing, in fundamental studies of chemistry in small volumes, and in encapsulation and release of payloads for site-directed drug delivery. Applications of liposome formulations in drug delivery often take advantage of the enhanced permeability of phospholipid membranes at their gel-to-fluid phase transition, where the release of encapsulated molecules can be initiated by an increase in temperature. Despite numerous successful liposome formulations for encapsulation and release methods to study the kinetics, this process has been limited to investigations of bulk vesicle dispersions, which provide little or no information about the vesicle membrane structure and its relationship to the kinetics of trans-membrane transport. In this work, confocal Raman microscopy is adapted to study temperature-dependent release of a model compound, 3-nitrobenzene sulfonate (3-NBS), from individual optically trapped phospholipid vesicles, while simultaneously monitoring structural changes in the vesicle membrane reported by vibrational modes of phospholipid acyl chains and the local environment of the encapsulated compound. The confocal geometry allows efficient excitation and collection of Raman scattering from a single vesicle, while optical trapping allows more than hour-long observations of the same vesicle. With window factor analysis to resolve component spectra, temperature-controlled release of 3-NBS through vesicle membranes composed of pure 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) was measured and compared to transport through a lysolipid-containing membrane specifically formulated for efficient drug delivery.